S troke registries constitute a valuable tool for obtaining information on epidemiology, clinical course, and diagnostic evaluation of stroke patients and can help assess the efficacy of their treatment and their functional outcome in a hospital or population setting. They may serve as audits to evaluate the quality of stroke management and identify possibilities for improvement. Moreover, they enable the design of adequately powered clinical trials, monitor secular trends in epidemiological indices, and compare different populations to identify potential differences. 1 The Acute STroke Registry and Analysis of Lausanne (ASTRAL) is a prospective project designed to assemble state-of-the-art data for all ischemic stroke patients hospitalized in the stroke unit of the neurology service, and/or the intensive care unit of the Centre Hospitalier Universitaire Vaudois (CHUV). This stroke unit is the only one in the wider area of Lausanne, Switzerland with a population of approximately 270 000. Moreover, this stroke unit also serves as a reference center for 15 referral hospitals in the canton of Vaud and for parts of 3 neighboring cantons, bringing the total population served to approximately 1.2 million.
In the present paper, we aim to provide a comprehensive description of the design and methods used to create AS-TRAL. Furthermore, we present a descriptive analysis of the epidemiological, etiologic, clinical, metabolic, imaging, therapeutic, diagnostic, and outcome data of our patients.
Methods
ASTRAL was designed to be a data bank of acute ischemic stroke patients that incorporates detailed clinical and laboratory data and modern brain imaging techniques to analyze underlying causes and mechanisms of ischemic stroke; integrate clinical and radiological data from multimodal acute stroke imaging; follow trends of the characteristics of ischemic stroke in the specific region; compare the study population with similar data sets in other geographic, ethnic, or racial populations; and, design adequately powered prevention and interventional clinical trials. This database is completely independent from the Lausanne Stroke Registry (LSR), 2,3 which was terminated by its initiator at the end of 2004.
Inclusion Criteria
All consecutive patients who were admitted to the stroke unit and/or intensive care unit of the CHUV with a main discharge diagnosis of acute ischemic stroke were included in ASTRAL, beginning on January 1, 2003. The patients who required intensive care unit admission at any point during hospitalization (Ͻ5% of all patients) were under the medical responsibility of intensive care specialists during that phase but were followed regularly by the stroke team. Stroke is defined as a new syndrome of rapidly developing clinical symptoms and/or signs of focal disturbance of cerebral function lasting longer than 24 hours with no apparent cause other than vascular origin, regardless of whether infarction was evident on cerebral radioimaging. 4 Only patients admitted within 24 hours of ischemic stroke onset (or last-well time) were included. Patients with in-hospital stroke were only included if stroke was the main pathology warranting treatment in the stroke unit and/or in the intensive care unit. Recurrent acute ischemic strokes were registered in ASTRAL as new events unless the recurrent event happened during hospitalization for the previous stroke.
Exclusion Criteria
Patients with transient ischemic attack (TIA, defined as complete disappearance of signs and symptoms within 24 hours, regardless of The exact time of onset of symptoms (or the last time that patient was reported to be well), the arrival pathways, the mode of transport to CHUV, the exact time of arrival, as well as the time intervals from stroke onset to brain imaging and to acute intervention (if performed) were all recorded. Strokes were considered to be of unknown onset if more than 60 minutes elapsed between last time of well being and time of stroke discovery. The definitions of vascular risk factors are presented in Appendix A (available at http://stroke.ahajournals.org).
Stroke Characteristics
The National Institute of Health Stroke Scale (NIHSS) score is recorded systematically on admission 6 and 24 hours after hospital arrival. Stroke subtype is classified according to the Trial of ORG 10172 in Acute Stroke Treatment (TOAST) classification, 6 modified for cardiac sources according to the SSS-TOAST algorithm. 7 The categories "likely atherosclerotic stroke," 8 "multiple coexisting causes," "dissections," and "likely patent foramen ovale" in patients with no other causes nor significant vascular risk factors are separately listed.
Brain Parenchymal and Perfusion Imaging
All ischemic stroke patients undergo acute brain parenchymal imaging (computed tomography [CT] or magnetic resonance imaging [MRI]) as soon as possible after arrival in the emergency room. Early ischemic changes, old strokes, leukoaraiosis (Blenow Type 1 or more 9 ), and hemorrhagic infarction are noted. The choice of imaging modality and our contrast policy, following international recommendations, 10 -12 are described in Appendix B (available at http://stroke.ahajournals.org). Currently, multimodal CT imaging is the most frequently used method in the acute phase in our institution. Perfusion CT is performed in most patients with acute hemispheric or nonlocalizable stroke symptoms according methods described elsewhere. 13, 14 Arterial and perfusion imaging is not used as selection criteria for patients fulfilling the European Stroke Organisation recommendations for intravenous thrombolysis, 15 but may be used for endovascular treatment decisions, according to Swiss national recommendations. 16 
Arterial Imaging Data During Acute Phase
All ischemic stroke patients underwent acute arterial imaging (CT angiography, MR angiography, carotid and transcranial Doppler, or conventional angiography) within 24 hours of admission if there were no contraindications. The method of choice were CT angiography due to availability and complete visualization of the cervical and cerebral arteries. Acute conventional angiography was added when intravascular treatment is likely. Arterial abnormalities were considered significant if occlusion, Ն50% stenosis, or any signs of dissection are present.
Follow-Up Brain Imaging and Arterial Data
Most patients were followed up with a second CT or MRI during the first weeks after stroke. Follow-up subacute arterial imaging (CT angiography, MR angiography, or Doppler) was performed in most patients who had an arterial pathology in the acute phase to investigate whether recanalization had occurred.
Clinical Follow-Up
The patient's handicap was systematically recorded at 7 days, 3 months, and 12 months after stroke, either in person at the outpatient 
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stroke clinic or by phone by medical personnel. In case of a suspected recurrent cerebrovascular event, confirmation was sought from the treating general physician or hospital. If a patient could not be reached, local citizen registries were checked. Finally, when a patient passed away during the follow-up period, the cause of death was recorded according to medical records and the death certificate.
For the current publication, data are given for patients from 2003 to 2007 given that follow-up information is only fully available 1 year after the stroke.
Statistical Analysis
Gaussian-distributed continuous parameters were reported as meanϮstandard deviation (SD), whereas continuous variables with non-Gaussian distribution are reported as medianϮSD. Comparison of frequencies of categorical variables was performed by 2 test. The Student two-tailed unpaired t-test was used to compare means. The level of significance was set at 95% (Pϭ0.05).
Results
Between January 1, 2003 and December 31, 2008, 1742 events were registered in ASTRAL in 1633 patients, and 1423 events were excluded and instead registered in the parallel registry (ASTRAL-E). Reasons for exclusion included late arrival (623 patients), TIA (577 patients), retinal ischemia (57 patients), and intracranial hemorrhage (166 patients). Considering that 74.9% of patients came from the primary catchment area (Lausanne and surrounding area) of a well-defined population of 270 000, and that the number of events entered annually in ASTRAL has remained stable during the 6 years reported (2003-2008), we estimate an annual rate of acute ischemic stroke hospitalizations in our stroke unit or intensive care unit of 80.5 per 100 000 inhabitants. The main demographic data of ASTRAL patients are summarized in Table 1 . There was a male preponderance in the overall population and in all age groups, except the 50-to 54-year and Ͻ25-year groups (Figure 1 ). Table 2 shows the incidence of the main risk factors, as well as comorbid conditions and previous medications. As expected, we noticed a significant difference in the last-well time to admission interval between strokes with known (1146 events, 66.9%) and unknown onset (568 events, 33.1%), the median values (Ϯstandard deviation) being, respectively, 142 (Ϯ304.7) minutes and 759 (Ϯ331.3) minutes (PϽ0.0001). Of all events, 161 (9.4%), 480 (28%), and 708 (41.3%) patients were admitted within 1, 2 and 3 hours after last-well time, respectively ( Figure 2 ).
Most strokes were of minor severity (NIHSSՅ4 in 40.8% of patients, Figure 3 ). Cardioembolic stroke consisted the most frequent type of stroke (Table 3 ). Dissections and cardioembolic stroke presented with the most severe clinical pictures, whereas lacunar strokes were the mildest. In overall, modified Rankin score was 0 in 235 patients (18.4%), 1 in 415 (30.2%), 2 in 228 (16.6%), 3 in 152 (11.1%), 4 in 123 (9.0%), 5 in 51 (3.7%), and 6 (death) in 209 (15.2%).
In 1072 events (62.1%), the affected territory involved the anterior, in 496 events (29%) the posterior circulation. Both circulations were concerned in 20 events (1.2%), whereas the rest of the cases were undetermined (139 events, 8%). Stroke was located in the left brain (841 events, 48.3%) more frequently than in the right (725 events, 41.6%). One hundred sixty-three events (9.4%) had acute bilateral lesions, and in 12 events (0.7%), the side could not be determined with confidence.
The mean values of the main physiological and metabolic parameters are presented in Table 4 . Table 5 15 and a minority (0.7%) received intraarterial recanalization treatments within 6 hours. 17 Since 2003, the goal of patients being treated within 60 minutes 18 of hospital arrival was accomplished in 171 of 267 intravenous thrombolyses (64%). 
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This article presents the methodology and descriptive analysis of all consecutive patients with acute ischemic stroke admitted to a single stroke unit between 2003 and 2008. Compared with existing hospital-based stroke registries, 2,3,19 -26 this is the first registry to incorporate data from multimodal imaging including brain parenchymal, vascular, and perfusion imaging. This data will help scientists understand stroke pathogenesis and potential effectiveness of treatments aimed at recanalization and salvage of the penumbra. Given this focus on arterial and perfusion imaging, ASTRAL included only ischemic stroke patients. As opposed to the previous Lausanne Stroke Registry, 2, 3 we also included patients with recurrent stroke; in fact, 15.9% of our patients had had previous clinical strokes. Adding these patients gives a more realistic view of acute ischemic stroke patients, given the high recurrence rate of ischemic vascular diseases and particularly ischemic stroke. 27 Similarly, the 1-year follow-up of patients after their index stroke will allow for better understanding of risk factors for recurrences and of poor outcome.
We were surprised to find a persistence of higher stroke admissions rates for male patients even in oldest age strata, contrary to incidence studies showing an inverse trend. 28 We also found a higher median age of ASTRAL patients as compared with the Lausanne Stroke Registry. This was likely related to the inclusion of patients with previous strokes who were older rather than to the exclusion of intracerebral hemorrhages, given that the latter population had a similar median age (data not shown).
We found the median onset-to-admission time interval for patients with known-onset stroke to be 143 minutes. Sixty-nine percent of these patients arrived within 4 hours, potentially allowing them to receive intravenous thrombolysis according to current recommendations. 15 Thanks to these short intervals to admission, the rate of intravenous-thrombolysis within evidence-based time limits progressively increased to a current 20.6% of all ASTRAL patients. In contrast, an impressive 40.8% of patients had minor strokes with NIHSS Յ4 who are often not considered for thrombolysis. Therefore, the main reason for nonthrombolysis in ASTRAL was low NIHSS rather than late arrival time. For the 34.1% patients with unknown-stroke onset as defined by more than 1 hour of uncertainty since last-well time, standard time windows make thrombolysis virtually impossible. Such patients may benefit in the future from radiological selection criteria for acute recanalization treatments. 29 Whereas blood pressure, heart rate, and glucose values decreased significantly during the first 24 hours, increasing mean temperature is possibly due to stroke-related infections and opens the door for more aggressive preventive measures.
Systematic CT-based multimodal imaging in ASTRAL patients lead to a high rate of acute noninvasive arterial imaging (78% of all patients) and perfusion imaging in patients with supratentorial strokes (73.9%). With perfusion CT in supratentorial stroke, the sensitivity of acute stroke more than doubled to 73.9% when compared with noncontrast CT alone. Acute arterial imaging showed cervical or intracranial pathology relevant to the current stroke in only 41.9% of patients, in keeping with an important number of mild strokes in our population. The probable risk of inducing cancer by radiation, particularly in younger subjects and with multiple exposures, 30 should be balanced against the potential benefit in each patient.
Our study has several limitations: as a hospital-based registry, the data may not reflect the entire stroke population of the region. Indeed, patients entered in ASTRAL account for an annual rate of acute ischemic stroke hospitalized in our stroke unit or intensive care unit of 80.5 per 100 000 inhabitants, which is lower than the estimated stroke incidence of 296.3 per 100 000 for this population in 2004. 31 This may be due to exclusion from the registry of subacute strokes (Ͼ24 hours), intracerebral hemorrhage, and subarachnoid hemorrhage, and because patients with minor or immediately lethal stroke are potentially not diagnosed or hospitalized. Furthermore, some patients with minor strokes may be admitted to private hospitals in Lausanne. However, because the ambulance services of our region are instructed to transfer suspected stroke patients to the CHUV (which hosts the only stroke unit and neurology service in the region), it is likely that the 74.9% of patients in ASTRAL coming from the primary catchment are representative of the local population. Second, using the traditional definition of TIA, 5 we have probably excluded some patients from our register who would be considered to have had strokes according to the recently proposed definition. 32 Using our TIA patients (from ASTRAL-E), we could potentially compare patients with the traditional and the recently proposed new definitions for TIA.
In summary, we present the methodology and baseline results of ASTRAL, which is a hospital-based acute ischemic stroke registry. As particular features, ASTRAL incorporates data on acute metabolic parameters, multimodal brain imaging, and recurrence rates. Our analysis yields interesting epidemiological and pathophysiological data, allows for modern clinico-radiological correlations, and acts as an audit for pre-hospital and in-hospital management of stroke.
